Total quality management (TQM) and business process reengineering (BPR) have emerged as important practices but not yet as a discipline. A methodology for mapping, measuring, tracking, and managing commitments in business processes is necessary to make a discipline from TQM and BPR. An organization's network of commitments can be depicted as a map of interconnected work-flow loops. That map can be used as a guide to design work processes and their supporting information technologies, manage commitments to completion with customer satisfaction, and measure productivity. A study of a complex process, course scheduling, at George Mason University shows how the mapping notation and the method work. 
I
n the past decade, many service-sector businesses that were not organized to provide consistent customer satisfaction have disappeared or have met with wrenching hard times. The survivors want to reconstitute themselves so that they can deliver products on time, offer services that consistently satisfy customers, maintain market credibility and reputation, and introduce new products and services faster than competitors.
Redenbaugh calls this the service-sector crisis [1994] . Its dimensions are enormous: 80 percent of jobs and output are in this sector, yet productivity has been flat for over a decade. In contrast, process automation has helped sustain an productivity in-improvement in these technologies, the productivity of office work has not improved.
The real problem is that we have not defined or automated the business processes that produce customer satisfaction. By automating processes not explicitly oriented toward customer satisfaction, organizations have accelerated the production of dissatisfied customers. The crisis in the service sector is one of understanding, not of technology. The solution lies in discovering the fundamentals of coordination and then building tools and systems that will give organizations the capacity to coordinate effectively and satisfy customers.
In the early 1980s, firms in the United
States started to practice Deming's philosophy of Total Quality Management (TQM), which had spread through Japan under his tutelage [Deming 1986 ]. TQM focuses on satisfying the needs of customers through continuous improvement of processes supported by extensive statistical measurements of flows, outputs, defects, cycle times, complaints, jobs done on time, and the like. The worker is considered an internal customer whose needs for contribution and recognition must be satisfied. Deming's philosophy has been summarized in his famous 14 imperatives [Walton 1986 ]. Their basic principles are stated as aphorisms.
Both TQM and BPR rely on information technology to measure process times and outputs and to make process records available to all participants. To support this, a new, work-flow-technology industry is emerging; it is forecast to grow to $2.5 billions in the United States by 1996 [Koulopoulos 1994; White and Fischer 1994] . Business concerns are also driving organizations toward new computing architectures, in which client-server systems are interposed between mainframes and desktop computers to support self-managing work groups [Vaskevitch 1994 ].
The proponents of work-flow technology intend to make their tools so widely available that cost will be reasonable and organizations can adopt the tools on their own without having to hire expensive TQM or BPR consultants. We doubt, however, whether most work-flow technologies as currently conceived will stimulate the kinds of changes envisaged by those consultants.
Our concern is that most existing document- Input-process-output models of organizations are good for watching the movements of information and material items but not for observing human commitments. These models are blind to the human processes in which people request work and agree on what will be done, who will do it, and when it will be done; they provide no mechanism for ensuring that any customer is satisfied. As 
Shifting Interpretations of Work

Work Flows and Coordination Processes
Every organization depends on three kinds of processes: material, information, and human coordination. The first two are of the traditional input-output kind: They both deal with the movement of objects (materials, data) to particular sites where they are transformed, manipulated, consumed, or combined into new objects. Human coordination processes deal with requests for work to be done, agreements about what will be done, who will do it, when they will do it, and whether the requester is satisfied with what has been done. Work is initiated and completed in the coordination processes. The movement of information and material is the consequence of work and supports work but is not the work itself.
Technologies for modeling material and information processes are mature. But technologies for drawing maps of human coordination processes and tracking the events that constitute them have not been widely available or appreciated. As these technologies become more common, they will affect the design of computer operating systems and networks [Denning 1992; Denning 1994; Vaskevitch 1994 ].
The basic element of a coordination process is a closed loop, called a work flow, that connects two parties. One of them promises to satisfy a request of the other.
In business parlance, used here, the two parties are called performer and customer.
In marketing they are called seller and buyer. In everyday life, they might be called doer and asker. As shown in Figure 1 , the loop consists of four stages separated by four speech acts [Denning 1992; Medina-Mora et al. 1992] . First, the customer makes a request of the performer (or accepts an offer made by the performer). Second, they negotiate on the conditions that will satisfy the customer, culminating in the performer's promise (implied contract) to fulfill those conditions. Third, the performer does the work and ends by declaring that it is done. 
Constructing a Coordination Process Map
In the spring of 1991, a group of faculty members and administrators of George
Mason University formed a working group to investigate the university processes that were producing the most complaints and to recommend changes in the design of those processes. The most troublesome process was course scheduling.
Course scheduling is the single largest process in any university. At George
Mason University, it affects 21,000 students, 650 faculty, and many administrators daily. In addition to determining the times and locations of classes, this process includes advising, career counseling, plans of study, and curriculum planning. Breakdowns anywhere in this process produce unmet expectations, leading to dissatisfied customers (students) and performers (faculty). Because course scheduling is a long-term process, breakdowns can delay students' graduations. As is true in many universities, this process is the subject of endless complaints from all participants. The complaints about Mason's process were:
(1) Approximately 10 percent of the students applying for graduation had not met requirements because courses were unavailable, sections were closed, or the students had inaccurate information.
(2) Approximately 20 percent of the classes in the published schedule were changed after students registered, necessitating cancellation and reregistration.
(3) Many students could not graduate in four years because courses they needed were offered infrequently or were full.
(4) Many students requested and received special exceptions and waivers so that they could substitute courses for those that were not available. Processing these requests occupied much faculty and staff time.
(5) Students' graduation records often did not reflect the coherence advertised in the catalog; students often took more courses than required for their majors.
(6) On the first day of classes, many faculty would be confronted with students who could not register because the class was full and who sought special permission to register. 
Investigative Method
Members of our working group met with the persons responsible for course scheduling in the schools of education (SED), business administration (SBA), information technology and engineering (SITE), and nursing (SN). They also met with people in the Student Records (SR) office. We constructed maps of the portions of the process they were involved in. We also learned which breakdowns were the most irritating and which changes the participants would value most.
Constructing a map of the work flows as they are actually performed is a process of listening for the speech acts that trigger state-changes in the process. 
Reengineering
In discussing with participants why this process has evolved into its present form, we discovered several assumptions that constitute an unspoken social contract that keeps the current course-scheduling process in place. Two assumptions are especially important because they arise from the traditional view that the faculty is responsible for determining the curriculum and knows best what a good education for the student is.
(1) The scheduling process is faculty driven. There were four secondary assumptions:
(1) the SR office assigns all rooms, (2) classes must be scheduled in one of three kinds of To arrive at a simpler process, we started by stating the results we wanted from the scheduling process: to accommodate most student demands, to design the schedule in one round, and to minimize last-minute changes. The process shown in Figure 5 meets these requirements. Its simplicity comes from transforming the basic assumptions to these:
(1) Students file plans of study that can also serve as course reservations. A plan of study is an agreement between student and advisor about the courses the student will take each semester to fulfill the degree requirements. The filed plans are interpreted as requests by the students, who in turn are guaranteed classes corresponding to their plans. We estimate that about 75 percent of the demand can be learned from filed plans.
(2) The schedule is generated in one round after departments are given their demand data. Early in the semester before the one being scheduled, each department confers with its faculty in light of the demand data and commits to a schedule for the following semester.
The lead time for publishing a schedule based on these assumptions would be much shorter than the current 11 months.
The university could publish the schedule in the middle of the semester prior to the one it covers. A key enabling technology here is one that supports the formulation and storage of student plans of study and 
